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During the fourth cycle of the LHD operation in 1999, 
a magnetic field of 2.91 T at the magnetic axis was achieved 
and a slow ramp rate test up to 2.85 T was performed. In 
this report, strain measurement results at inner and outer 
equators of the cryogenic support structure of LHD are 
presented and stresses on the equators of the structure are 
discussed comparing with analytical results by FEM. 
The strain gages used are tri-axial gages of which base 
diameter, gage length, electric resistance and gage factor are 
20 mm, 5 mm, 350 n and 2.0, respectively. To cancel the 
apparent strain due to temperature difference, a dummy 
stage where dummy gages were attached was welded to the 
structure near an active gage, and Wheatstone bridge was 
formed on the dummy stage. The strains on the inner and 
outer equators and the temperature change around the strain 
gage were measured continuously during the coil excitation. 
The location of the strain gages and the thermo-sensors in 
the structure is presented in Reference I and 2. 
The change in the magnetic field at the magnetic axis 
under #1-d mode (R = 3.6 m) and the temperature change on 
the inner and outer equators are shown in Fig.l. The ramp 
rate up to 2.8 T was 0.02 T/min and 0.05 T/min to 2.85 T. 
Then the coil currents were decreased at the rate of 0.02 
T/min after achieving 2.85 T. The temperature change on 
both the inner and outer equators was very small during the 
coil excitation and was affected by the supplying liquid 
helium temperature. From this fact, it is clear that the heat 
generated by the eddy current was removed sufficiently. 
The strain measurement results of the excitation are 
shown in Fig. 2. The vertical axis is the square of the 
magnetic field, which corresponds to the electro-magnetic 
force, and the horizontal axis is the strain in /-lE. (1 IJ.E is 1 Q-6 
strain.) HSNE3309 and 3312 show strains in toroidal 
direction on the inner and out equators and HSNE 3311 and 
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Fig. 1 Change in magnetic field at magnetic axis and 
temperature on inner and outer equators. (#I-d mode) 
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3314 are poloidal direction strains on the equators. HSNE 
3310 and 3313 are strains in 45 degrees direction from the 
mid-plane. The strains on the inner equator show non-
linear relation to the square of the magnetic field and draw 
hysteresis curves. These strain behaviors depend on the 
gage location, and the factors such as existence of inner 
horizontal ports, partial welding of the toroidal section weld 
joints and compressive stress in the toroidal direction on the 
inner equator will affect on these behaviors. 
The stresses in the toroidal and the poloidal directions 
were measured on the equators of 10 sectors. The stresses 
averaged on 10 sectors are shown in Fig. 3 against the stress 
estimated by FEM analysis. At 2.9 T under #1-d mode, the 
measured stress averaged in the poloidal direction is 40.5 
MPa and the estimated stress is 41.2 MPa. It is clear that 
the experimental results agree well with the analytical ones. 
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Fig. 2 Relation between a square of magnetic field 
and strain in poloidal direction. 
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Fig. 3 Relation between measured stress and estimated stress 
by FEM on equators. 
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